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ABSTRACT
Daily movements of two adjacent microtine populations
were correlated with the utilization of various types of
microenvironments.

Animals were trapped, marked and released

on a gridded area which transected three ecological zones,
a riparian woodland, an edge, and an old field.

Average

distance traveled between recaptures and standard diameters
were used to estimate activity patterns and home ranges of
the meadow vole, ..Microtus oennsylvanicus, and the red-backed
vole, Clethrionomys gapperi. Microtus restricted their activ
ity to grassy habitats while Clethrionomys remained in the
woodland.

There was no ecological overlap between the two

species.

In spite of relatively high population densities,

meadow and red-backed voles restricted activities to their
preferred grassy and wooded habitats.

Despite intraspecific

population pressure, interspecific competition was an important
factor restricting these species to their respective habitats.
Periods of precipitation or drought temporarily affected
the activity patterns of meadow voles.

The number of captures

increased immediately following precipitation;
had the opposite effect.

dry periods

These conditions had no apparent

effect on the activity of Clethrionomys.

However, there was no

positive correlation between periods of precipitation and the
average distances traveled by either species on successive days.

vii

In general, Clethrionomys had larger home ranges than
Microtus. Adults of both species had larger home ranges than
juveniles;

therefore, they appeared to disperse further

than juveniles.

viii

INTRODUCTION
Recent studies pertaining to daily movements, micro
environment preferences, and ranges of activity of small
mammals, have demonstrated that an animal selects and varies
its home site depending on intrinsic as well as extrinsic
factors.

Selection of a home site depends on the availability

of food, nest material, protection from predators, micro
climatic conditions and availability of space.

However, its

success or failure in securing an ideal site depends in a
large part on its social aggressiveness and population pressure.
Therefore, the area actually utilized by an animal is a function
of all those factors mentioned.
The primary objective of this study was to correlate
daily movements of two adjacent microtine populations with the
utilization of various types of microenvironments.

Other re

lated factors under consideration were specific differences in
ecologic preference and in the index of activity between the
meadow vole, Microtus pennsylvanicus, and the red-backed vole,
Clethrionomvs gapperi. An apparent behavioral and ecological
incompatibility between the two species was considered in
relation to the density of each population in its respective
habitat.
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LITERATURE REVIEW
Life Histories
The meadow vole, Microtus pennsylvanicus, inhabits low,
moist meadows or upland grasslands having tangled growths of
vegetation.

It is a good swimmer and is found near streams,

marshes or lakes (Bailey, 1926; Burt and Grossenheider, 1964).
Nests are loosely constructed of dry grasses and other veget
ation and may be in burrows or on the surface.

The sites

are temporary and seem to be dependent on the availability
of food (Criddle, 1956).
Pood habits vary with the season according to the type
and condition of available vegetation.

During the spring and

summer, tender shoots of grasses, grain, clover and alfalfa
are preferred;

however, seeds and grain are eaten on occas

ion (Bailey, 1926; Criddle, 1956).

In the fall and winter,

voles thrive on frozen grass, roots and the cambium layer of
young trees and shrubs.

The Drummond's vole, M. j>. drummondi,

preferred Kentucky bluegrass, Poa oratensis, to other types
of vegetation (Criddle, 1956).

According to Thompson (1965)

Kentucky blue and smooth brome grass, Bromus inermus, ranked
high in food preference, although clovers, alfalfa and succu
lent adventitious plants were preferred.

However, the latter

are not indigenous to the natural habitat of the meadow vole.
Breeding generally begins in March and continues through
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September or October.

A definite lag in breeding activity

occurs during midsummer (Getz, 1960);

however, young may

be born at any time of the year (Bailey, 1926; Criddle,
1956).

The gestation period for the meadow vole is 21 days,

and the young weigh about three grams at birth.

They mature

rapidly and leave the ne3t within two weeks when they weigh
approximately 14 grams (Golley, I960; Hamilton, 1941a).
However, animals weighing from 5.5 to 10 grams have been trapped
indicating that weaning may begin earlier (Brown, 1954;
Barbehenn, 1955; Chitty and Phipps, 1966).

Barbehenn (1955)

reported that young animals gained about 0.4 grams per day
up to an average weight of 35-40 grams for a mature male.
However, daily fluctuations of as much as two grams may occur.
The maximum life span in the wild is less than one year, and
the greatest mortality occurs among juveniles of less than
one month of age.

This results in an average life span of

about 0.7 months (Getz, 1960).
The red-backed vole, Clethrionomvs gapperi, is generally
restricted to damp floors of deciduous forests, riparian
woodlands and coniferous swamps, especially where there are
decaying logs and stumps.

Gunderson (1959) found that this

vole preferred areas of sparse vegetation to areas of heavy
undergrowth.

Nests were under logs, stumps or in subterr

anean burrows, and were generally constructed of dried grass,
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moss and small herbs.
The red-backed vole is herbivorous and has food habits
similar to those of the meadow vole.

Food consists of a

variety of tender grass and other vegetation, as well as seeds
nuts, fungi, bark and insects (Bailey, 1926; Hamilton, 1941b).
There are two distinct peaks of breeding activity discern
able in the season which extends from April to October.

The

gestation period is somewhat shorter than that of the meadow
vole and varies from 17 to 19 days (Gunderson and Beer, 1953;
Burt, 1957).

Estimates of Home Range
Extensive studies have been conducted on many species
regarding home range as a measure of an animal's living space,
general activity patterns and breeding area.

Burt (1940)

defined home range as "that area about its established home
which is traversed by the individual in its normal activities
of food gathering, mating and caring for young.

It excludes

those areas traversed by vagrants or other individuals in
search of home sites."

A more sophisticated approach related

the energy requirements of a species to a particular trophic
level and size of home range (McNab, 1963).

Thus, the average

energy requirements of a species have a decided effect on
population density and on average home range size.

Stumpf

5

and Mohr (1962) found that linear home ranges were common in
a number of species of birds and mammals.,

This may be an

expression of unfavorable habitats because home ranges in
ideal habitats tend to be more compact.
Home ranges have been calculated by several methods.

One

method, the exclusive boundary strip method, employed a grid
pattern where each trap effectively covered a defined area.
Only those quadrats in which captures were reported were mea
sured;

consequently, those areas which were ecologically

unsuitable and generally not utilized were excluded (Burt,
1940; Manville, 1949; Stickel, 1954).

Manville (1949) mod

ified this by connecting the quadrats in which captures
occurred by the shortest line possible, obtaining what he
assumed to be a minimum home range.
Blair (1941) used an inclusive boundary strip method in
which an area half the distance to the next trap station was
delineated around each point of capture.

The corners of each

rectangle, thus formed, were connected and comprised the
animal's home range.

Hayne (1949), Brown (1962) and Sanderson

(1966) criticized this method because it included areas which
the animal does not frequent because of physical or ecological
barriers.

Furthermore, this method failed to accurately

measure non-circular home ranges.
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According to Mohr (1947) the minimum area method was the
best

indicator of an animal's home range.

In this method,

the external points of capture were connected, and the area
enclosed comprised the estimated home range of that animal.
However, this method failed to incorporate possible movements
outside the points of capture and was dependent upon a large
number of captures to assure a close approximation of the
true home range.
Other methods reviewed by Brown (1962) such as the ob
served range length and the adjusted range length measure the
maximum distance between captures.

In the latter method, one

half the distance to the next trap line was added to each end
of the observed range length.

This line then served as the

diameter of a circle or the major axis of an ellipse within
which the animal was supposed to roam.

Stickel (1954) tested

all of the above methods on an artificial population using
existing trap data and found that the exclusive boundary strip
method and the adjusted range length method most closely
approximated the actual size and length of an animal's home
range.
Other workers have attempted to remove trap bias by using
special techniques.

Godfrey (1954) imbedded radioactive disks

under the skin of voles and traced their movements with a GeigerII

Muller counter.

This incurred the disadvantage of confusing
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data on animals with overlapping ranges when simultaneously
tracking more than one animal.

Brown (1962) also pointed out

that "it is doubtful^whether animals were completely unaffected
by a human being who might be as little as 10 feet away."
Miller (1957) studied the distribution of radioactive feces
left on dropping boards scattered over a wide area.

However,

insufficient radioactive droppings were detected to provide
enough data to accurately determine home ranges.

Furthermore,

the physiological rate at which radioactive feces were elim
inated was unknown.

New (1958) used dyes which stained the

feces of individual animals, but he still failed to collect
a satisfactory amount of data.

Justice (1961) distributed

empty milk cartons with smoked kymograph paper in their bottoms
over an area, assuming that toe-clipped animals which visited
the area would leave characteristic marks on the paper.
However, he failed to obtain much information because the
clipped toe marks were indiscernable in many cases from other
scratchings found on the paper.
A significant relationship (P=.05) exists

between the

size of the estimated home range and the distance between the
trap sites.

Estimates of a home range increase

proportion

ately with the distances between traps (Hayne, 1950; Blair,
1940).

Brant (1962) found that traps spaced at too great

an interval failed to provide sufficient captures to
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accurately calculate a species' home range.

Hayne (1949)

pointed out several problems in relating trap data to the
estimation of home ranges.

First, there was no experimental

evidence showing that a trapping area coincides with the
area an animal has traversed during the same period.

Secondly,

the frequency of captures within a certain area was a direct
index of area use.

Thirdly, traps located closer to the home

site interfere with the normal activities of the animal so
that data obtained indicated a reduced home range.

In an

attempt to remove these ambiguities, Hayne (1949) proposed
a geometric "center of activity" where activity patterns of
animals were compared with the distances each animal traveled.
This concept was applied only to the geometric arrangement of
points of captures and was not associated with the home site
of the animal.

Probability zones around the center of acti

vity reveal that as the distance from the "center of activity"
increased, the number of traps required to capture an animal
increased.

Therefore, the possible points of capture for

any animal approached infinity, and the home range of an
animal was boundless or undefined.
Dice and Clark (1953) expanded Hayne's concept of home
range by defining the geometric center of all the recapture
loci as the "recapture center" and the "center of activity"
as the geometric center of all activity loci.

Combining data
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from several animals, they devised a statistical concept of
home range which estimated the probability of recapturing a
certain animal a specified distance from the "recapture center."
Harrison (1958) and White (1964) devised a similar but simpler
method in which the "range of activity" with respect to area
and time for one or several animals could be determined.
Harrison plotted the number of captures of jungle rats (Rattus
sp.) within each concentric circle against its diameter.

The

resulting curve approximated a cumulative frequency curve
derived from a normal distribution.

He then transformed

coordinates from frequencies to normal deviates and obtained
a straight line relationship.

This enabled him to define a

standard diameter as being equal to two standard deviations
from the geometric range.

An animal then would spend 68.26

per cent of its time within a circle of this diameter.

This

procedure afforded possibilities for comparing the "range of
activity" among age groups, between sexes, among sub-popula
tions and among species.

Sanderson and Sanderson (1964)

applied Harrison's method to data obtained by radio telemetry
from the same species in the area and obtained similar data.
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General Activity Patterns and Daily Movements
Activity patterns of an animal are influenced by a number
of factors such as hunger, the urge to store food, sex drives
or the need for exercise (Blair, 1951).
have different activity patterns;

Different species

some move randomly over an

area while others confine their movements to fixed paths or
borders (Bider, 1962).

Rarely does any small mammal utilize

the whole of its home range, nor does it spend a proportionate
amount of time in each sector of the home range (Brown, 1956).
Meadow voles confine most of their activity to a network
of surface tunnels constructed from dried vegetation.

Activity

patterns normally peak during the twilight hours at dusk and
shortly before dawn, although these voles may be active at
any time (Wiegert, 1961; Bailey, 1926; Criddle, 1957; Hamil
ton, 1937).

Wiegert (1961) reported that meadow voles also

showed short cycles of activity having a mean duration of
3.6 hours.

These "bursts of activity" occurred at any time

during a 24 hour period.
"bursts" than did adults.

Young animals showed more intensive
Other evidence indicated that a

large part of the vole's 24 hour pattern of activity was
labile and conditioned by the environmental temperature regime.
Similar short, cycles of activity were reported by Seabloom
(1965), who noted that activity patterns varied between voles
under the same experimental conditions.

Furthermore, no daily
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schedule could be predicted for any one animal.

However, the

greatest activity took place during the dark period with peaks
occurring just before dark, at midnight and again just before
sunrise.

Peak periods of activity ranged from one to five

hours in Length.

Pearson (1960) studied movements of M. cal-

ifornicus by means of an automatic photographic device placed
in runways.

He found that use of runways varied both daily and

seasonally;

however, activity in the runway did not increase

appreciably with an increase of population;
ways were utilized.

rather, more run

Pearson found that animals appeared to

be less active on moonlit nights;
with rainy, cloudy periods.

general activity increased

Voles did not actively avoid any

temperature regime, but their need to restrict water loss
probably accounted for their reduced activity above ground
during the warmer periods of the day (Pearson, 1960; Hatfield,
1940).
Unlike the meadow vole, the red-backed vole does not
construct extensive runways, but uses natural passageways
beside fallen logs, roots and stumps (Gunderson, 1959).

Pear

son (1962) studied the activity patterns of C. glareolus and
C. rufocanus in Finland.

Under artificial conditions, both

species responded to changes in photoperiod by going through
a 3-5 day polyphasic cycle of adjustment after which the diel
periodicity pattern was normalized.

In the wild, a distinct
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diel pattern of activity, exhibited during the summer months,
eventually disappeared with the onset of the arctic night.
Both species exhibited a three hour cycle, and it was suggested
that this short cycle was a basic endogenous biological rhythmn
which was phased and influenced by environmental factors such
as daily photoperiod and temperature.

He noted, however, that

sensitivity to environmental conditions varied with species.
Pearson believed that air temperature associated with relative
humidity and evaporation rate was probably the most important
factor inducing changes in the activity patterns of small
mammals.

He cited field work of Schmidt-Nielson and Schmidt-

Nielson (1950) who showed that the relative humidity remained
fairly high and constant in the runways of Microtus. This
evidence suggested that small mammals minimize the influence
of a diel temperature cycle by modifying and taking advant
age of certain parts of their microhabitat.
Several workers have measured distance traveled by Mic
rotus and Ciethrionomys, and found that over half the dis
tances between captures were less than 60 feet.

A large

number of both males and females never moved more than 30 feet
from their original point of capture (Brown, 1956; Stickel
and Warback, 1960).

Buckner (1957) reported that meadow

voles have a cruising radius of 73 feet as compared to the
red-backed vole whichas a radius of 76—89 feet.

Females

restructed their activity at certain times as a result of
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breeding and caring for young (Brant, 1962; Pearson, 1960).
Brant also found that adults travel farther than do young
animals, suggesting that migrations to adjoining areas may
be carried on by adults rather than by young.
The average maximum distance between captures was a
function of the movement patterns of individuals in a popul
ation (Brant, 1962).

Moreover, the average distance traveled

was an index of the relative size of activity patterns between
species or sub-populations.

It may also reflect stability

of movement patterns, and changes in these related to season
al variations in density, breeding or other factors.

Populations
The theory that population levels were primarily controlled
by environmental factors such as disease, predation, weather
and food supply was strongly supported by Andrewartha and
Birch (1954), Nicholson (1933), and Elton (1942).
tors are density-dependent;

These fac

as the population density increases,

their combined stress on the population increases.

This stress

is made evident by a reduction in the rate of survival of
adults and juveniles and a reduction in the birth rate.

Hair

ston, e t a_l., (1960) expanded this theory to include interspecific
competition at each trophic level.

They added a corollary to
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the theory by recognizing that herbivores were seldom limited
by food;

therefore, they must be limited by predation.

According to Chitty and Phipps (1966), changes in pop
ulations were not mere changes in numbers but were associated
with "diagnostic events" such as variations in mean body
weight, differences in survival rates between juveniles and
adults and between males and females.

Chitty (1960) discussed

parameters affecting voles and rejected environmental factors
as being the most important in the control of populations.
They affect population levels, but do not adequately explain
the cyclic phenomena found in voles and other species.

There

fore, Chitty (1960) and Chitty and Phipps (1966) emphasized
the importance of considering intrinsic factors, such as
intraspecific behavior which influences genetic recombinations
and sociability.

Clark (1955) showed that agonistic behavior

generally had more severe effects on suckling and juvenile
survival rates than on adult survival.

He speculated that

population growth may be held in check by a restraining process
whose effects increased with the population size.

The estab

lishment of a dominance heirarchy in dense populations prob
ably induced social stress factors which contribute to in
creased suckling and juvenile mortality and also reduced
propagation.

Those strains in a population exhibiting the

most aggressive behavior under social stress would tend to
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have a greater chance for survival.

Therefore, according to

the hypothesis put forth by Chitty and Phipps (1966) "changes
in survival are related to changes in behavior."

Inter- and Intraspecific Competition
Clough (1964) and Buckner (1957) reported that meadow
voles and red-backed voles almost never coexist in areas of
ecologic overlap.

Despite the fact that the meadow vole was

generally a grassland species and the red-backed vole, a
woodland species, Clough suggested that behavioral conflict
may prevent them from coexisting in habitats suitable to
either species.

Findley (1954) and Getz (1962) reported a

similar incompatibility between the meadow vole and the prai
rie vole, M. ochrogaster, both grassland

species.

The latter

was generally excluded from low, moist areas by the more
aggressive meadow voles.

Social incompatibility has also been

reported between the meadow vole and the white-footed mouse,
Peromyscus leucopus noveboracensis (Wirtz and Pearson, 1960).

Predation
The vole is a primary food source for many avian and
mammalian predators (Criddle, 1956; Bailey, 1926; Elton, 1942).
Martin (1956) observed that predation was minimal except during
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periods of dense populations.

He concluded that voles were

generally protected by their secretive habits and runways, and
therefore, predation was not a major factor in the control of
population levels.

Elton (1942), however, based a substantial

part of his explanation of cyclic phenomena in populations on
the causal relationship between various predators and primary
consumers such as voles.

He surmised that as vole populations

increased, predator populations would in time correspondingly
increase.

Climate and Microenvironment
"The density of a population, under natural conditions,
is determined by the interaction of almost countless forces,
continually varying in intensity, the effect of each force
influencing in some degree the effect of almost every other
force" (Smith, 1935).

Smith discussed climate as a possible

density-dependent factor, but asserted that in itself it
could not induce population fluctuations.

However, Gentry,

ejt aJL., (1966) found there is a positive correlation between
changes in local weather conditions, and trap successes which
is reflected in either an increase or decrease in daily move
ments.
Hays (1958) observed a significant difference in the
distribution of small mammals in specific types of microenvir
onments.

He concluded that climatic and physical factors alone

could not adequately account for their distribution.

THE STUDY AREA
Location
The study area was located at the University Biology
Area approximately two miles west and three-fourths mile
north of Inkster, Grand Forks County, North Dakota (S 1/2
SW 1/4 Sec. 11; N 1/2 NW 1/4 Sec. 14; T 154 N, R 55 W ) .

The

entire ecological investigation was conducted on a portion
of the Biology Area located in section 14 (Fig. 1).

Historical Background
The University Biology Area, comprising 160 acres, has
been completely fenced since 1955.

All flora and fauna within

this area is protected and used exclusively for research and
class studies (Facey, 1960).

Prior to the acquisition of

this area by the University of North Dakota, the level upland
portion on the south side was farmed.

Other portions near the

southern and northern boundaries were grazed.
During the eighteenth and nineteenth centuries, fur
trappers and settlers moved over the old Pembina trail, ford
ing the Forest River near the east boundary of the Biology
Area.

Numerous artifacts left by these early pioneers are

still found in the surrounding vicinity (W. Groth and H. Groth,
personal communication).

Early reports indicated that herds
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F i g u r e 1.
FOREST RIVER BIOLOGY AREA
S

SW \y Section 11 and N ^s, NW

Section lii

T15UN, R55W, Grand Forks County, North Dakota
Aerial photograph taken July 28, 1965
(Scale:

1 inch <* 1*80 feet)

1
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of bison, elk, deer and an occasional black bear roamed the
region.

On occasion the vegetative composition was drast

ically altered by prairie fires sweeping over the area.
Beaver disturbed the valley forests until eliminated by heavy
trapping during the nineteenth century (C. D. Norman, unpub
lished data).
Beaver were reintroduced into the area during the 1930's
by the State Game and Fish Department.

In a recent study,

Norman (op. cit.) discussed the ecological effect that beaver
have had on the valley forests of several drainages in the
area.

He proposed that the composition of the forest commun

ity has gradually been changed by their preference for the
bark of certain species of trees and shrubs.

"The sum effect

of beavers is to create a variety of habitats in the river
valley forest that benefit many wildlife species.

At the

same time, some sites develop into mature forest either because
they are distant from the river or not desireable to beavers."
Thus, the area, while having been disturbed by man to a
limited extent, has remained in a natural state except for
the effects of climate, wildlife and time.

Climate
The climate for North Dakota is both variable and extreme,
changing dramatically from season to season.

Temperature
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fluctuations are great in both summer and winter.

The period

between killing frosts is approximately 120 days for Grand
Forks County.

The average January temperature is 4 F.; and

for July averages 68 F.

In winter, below zero conditions

prevail an average of 50 days each year in the central part
of the state;

however, 24 hour fluctuations of as much as

60 degrees may occur due to rapidly changing weather conditions
(Bavendick, 1952).
Fifty per cent of all precipitation falls during May, June
and July.

The greatest amounts fall between 5 p.m. and 8 p.m.

and again at midnight.
10 a.m. and 2 p.m.

The driest oart of the day is between

The mean annual precipitation for the

eastern part of the state is 22 inches.

The relative humidity

at noon during July averages about 50 per cent in Grand Forks
County;
cent.

whereas in January the humidity averages about 80 per
During the winter months an average of 35 to 40 inches of

snow falls in the eastern part of the state.

Snow cover gener

ally remains for periods of up to four months (Bavendick, 1952).
Wind is an almost constant factor in the state.

High

winds generally accompany cold waves, snow, hail or heavy
rain.

During summer months high winds combined with high

temperatures account for high evaporation losses.

In the

eastern part of the state water loss from a moist soil surface
or from vegetation during the spring and summer months equals
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more than twice the annual rainfall (Bavendick, 1952).
Daily weather data from the U. S. Weather Bureau station
at Park River, North Dakota, located about 15 miles from the
study area is summarized in Table 1.

A rain gauge on the

area recorded precipitation throughout the duration of the
study.

Weather remained moderate to cool during most of

the summer except for a few hot days in June and the middle
of July;

precipitation was above normal.

Geology
Geological development
The University Biology Area is located on the beaches
of glacial Lake Agassiz.

To the east is the flat plain of

the Red River Valley and to the west is the drift prairie
which extends to the Missouri escarpment (Willard, 1921).
Prior to glaciation, streams in the area eroded considerable
amounts of bedrock and cretaceous shales.

During the glacial

periods, large deposits of till covered the escarpment lying
west of the Biology Area and formed the Edinburgh end moraine,
a north-south ridge.

Large fans of sand and gravel, deposited

by meltwater streams as outwash plains, lie in front of this
moraine (D. Hanson, personal communication).
Streams flowing into the glacial lake basin deposited
silt in the deeper, axial portions to depths of 30 to 50 feet.
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Table 1.

Daily weather for June, July and August
as recorded at Park River, North Dakota?-

Temp.
__
Temp.
v'^Max. Min. Precip. Date Hax. Min. Precip.
Junl
2
3
4
5
6
7
8
S
1C
11
12
13
14
15
16
17
18
IS
20
21
22
23
24
25
26
27
28
2S
30

80
78
78
62
67
67
62
63
69
78
75
69
63
70
73
77
82
85
86
89
88
86
84
82
79
75
80
92
94
88

45
54
40
47
51
48
44
38
38
45
57
52
53
42
47
49
54
59
64
57
62
61
65
53
55
53
54
65
66
70

Ave. 77.4 52.9

Sec.

.01

1.07
.18
.03

.60
.29
.03

.20

1.93

.04

Jul 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

87
80
76
78
79
80
84
88
87
88
90
86
83
84
83
89
91
87
84
79
88
85
79
78
76
77
76
78
85
93
91

69
62
64
65
58
58
57
64
65
70
63
64
62
60
60
63
68
59
59
53
60
56
53
55
56
59
58
52
58
52
62

82.5 60 J

■^U. S. Weather Bureau.
1966. Vol. 75.

.02
1.30
.39

.79
T

.17
.05
.70

Temp. i r JL t . C
Max. Min.'
Aug 1
2
3
4
5
6
7
8
S
1C
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

77
83
88
86
85
83
80
68
70
74
75
74
74
75
83
80
83
75
68
68
64
56
61
68
75
83
88
87
81
77
88

58
53
63
61
60
61
54
53
52
52
47
54
52
50
52
53
61
43
48
48
42
47
44
45
47
51
55
57
50
50
64

79.2 554

Climatological Data - N. Dak.

.07
.02
.03

.24
.12

.25
.37
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These alluvial deposits constitute the extensive flat plain
for which the Red River Valley is famous.

Contrasting to

the alluvial and lacustrine clay deposits on the lake floor
are the extensive sandy deltas formed by the Sheyenne, glacial
Elk, and Pembina rivers (Fenneman, 1938).

One of these, the

Elk River delta, lies to the south of the Biology Area.

It

covers about 300 square miles, extending from McCanna east
of Larimore, south to Mayville and Portland, and west to
the shore of Lake Agassiz (Willard, 1921).

As the lake

level receded, beaches and scarps were formed, surviving today
as a series of sandy belts several hundred feet wide, rising
5 to 10 feet above the landscape away from the lake (Fenne
man, 1938).

Streams flowing off the Pembina escarpment to

the west of the Biology Area into the lake basin eroded the
glacial till and formed the Forest River Valley much as it
is today (D. Hanson, personal communication).
Physiography
The local physiography, set in the Elk Valley area, is
characterized by perennial and intermittant streams that are
integrated, coarse textured, and have a dendritic pattern.
Geologic landforms in the area include an outwash plain,
beach ridges and escarps of the Herman beach to the west, the
Norcross beaches on the east edge of the Biology Area, and the
Edinburgh end moraine.

The dominant surface lithology is sand
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and gravel in the outwash plains and beach ridges and glacial
till in the moraine.

The till is 200 to 300 feet thick,

masking the bedrock of the Pembina escarpment which begins to
rise about five miles west of the Biology Area (D. Hanson,
personal communication).
The general topography of the region is shaped in large
part by the erosive action of the Forest River, a tributary
of the Red River of the North, coursing through the middle of
the Biology Area.

Steep slopes, rising nearly 100 feet on

either side of the river, are cut by numerous ravines leading
from the upland prairie to the level flood plains below.

A

small spring-fed stream enters the Biology Area from the
southwest and forms a marshy area before flowing into the
Forest River.
The soils in the Biology Area are the black varieties of
the subhumid grasslands.

Within the area the Ulen-Embden-

Herla series, sandy loams and loamy sand, comprise the beaches
and the Base-Zell-Fairdale series, loams and silty clays, make
up deposits along the streams and on the till (D. Hanson,
personal communication).

Vegetation Types and Patterns
Northeastern North Dakota lies in the true grassland
prairie province of the North American Grasslands Biome.

Most
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of this province has long since been disturbed by man in his
efforts to "tame" the country, thereby, radically transforming
the species composition.

Clements and Shelford (1939) list

the dominant genera as Stipa, Sporobolus, Andropogon, Bouteloua,
Koleria, Agropyron, Muhlenbergia, Panicum, and Carex.
In the University Biology Area, the steep slopes rising
N

from the river bottomland support a varied and contrasting
assortment of species associated with riparian woodland.

At

the top of these slopes there is an abrupt transition to prai
rie interspersed

with shrubs which extend to the boundary

lines delineating the Biology Area.

Near the south boundary is

located an old field, part of which is included within the
study area.
The dominant species on the north facing slopes and
prairie near the south boundary are listed by Facey (1960).
On the north facing slopes are bur oak, Quercus macrocarpa
Michx.; paper birch, Betula papyrifera Marsh.; green ash,
Fraxinus pennsvlvanicus Marsh, var. subintegerrima (Vahl)
Fern.; box elder, Acer negundo L.;

basswood, Tilia americana

L. and aspen, Populus tremuloides Michx.

Hop-hornbeam, Ostrya

virginiana (Mill) K. Koch and American elm, Ulmus americana L.,
are confined mainly to the bottomlands and the river banks.
The understory consists of high bush cranberry, Viburnum
trilobum Marsh.? nannyberry, V. lentago L.; downy arrowwood,
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V. refinesquianum Schultes var. affine (Bush) House;

red osier,

Cornus stolonifera Michx.; and hazels, Corylus americana Walt,
and <2. cornuta Marsh.

Low shrubs include snowberry, Symphor-

icarpos albus (L.) Blake; currant, Ribes americanum Mill;
Missouri gooseberry, R. missouriense Nutt.; chokecherry, Prunus
virginiana L.; juneberry, Amelanchier alnifolia Nutt.; and
hawthorn,

Crataegus rotundifolia (Ehrh.) Barckh.

The dominant herbaceous ground flora of the north facing
slope includes sedge, Carex dewyana Schw.; bloodroot, Sanguinaria canadensis L.; false lily-of-the-valley, Maianthemum canadense Desf.; shinleaf, Pyrola secunda L. and trillium, Trillium
cernuum L.
The prairie is dominated by Kentucky bluegrass, Poa pratensis L. and associated forbs.

It has been extensively

invaded in many areas by porcupine grass, Stipa spartea Trin.,
big blue stem, Andropogon gerardi Vitman, and by wolfberry or
buckbrush, Symphoricarpos accidentalis Hook.
The south facing slopes are drier with bur oak frequently
extending to the bottomlands.

Paper birch and aspen are absent

as are viburnum, bloodroot and shinleaf.
The flood plain or bottomland is often relatively narrow
except for large areas on the northeast and due north of the
river.

Shrubs provide a dense understory in practically all

open areas except in clumps of basswood.

The foliage on bass

wood is so dense, little except sedges and a few associates
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will grow in the shade.

Ostrich fern, Pteretis pennsylvanica

(Willd.) Fern.; Virginia water leaf, Hydrophyllum virginianum
L.; and woodland stinging nettle, Laportea canadensis (L.)
Gaud., are also common.

The Trapping Area
The specific study area in which trapping grids are
located covers about 2.9 acres (Fig. 1).

The major cover

types for this area are shown on the vegetation map (Fig. 2).
Three distinct zones are evident:

a heavily shaded riparian

woodland community on the north facing slope, an edge or
transitional zone, and an old field successional community.
Beside the differences in dominant vegetation forms, there
are distinct variations in ground cover and litter among these
three zones.

An especially abrupt transition with respect to

ground cover exists between the woodland community and the
edge.
The wooded zone is heavily shaded except in forest open
ings, and it has an upper story comprised of basswood, green
ash, paper birch, chokecherry and juneberry (Fig. 3).

On the

fringe of this zone, near the top of the slope, are a few
bur oaks and roundleafed hawthorns.

Shrubs and vines in the

area include gooseberry, currant, snowberry, beaked hazel,
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Corylus cornuta Marsh., woodbine, Parthenocissus inserta
(Kerner) K. Fritsch., and wild honeysuckle, Lonicera dioica L.
The ground cover is sparse, except for occasional patches of
vegetation where the upper stories are more open.
Carex sp., generally dominate;

Sedges,

however, several species of

forbs also occur, including wild sarsaparilla, Aralia nudicaulis L.; bluebell, Campanula rotundifolia L.; pink wood
violet, Viola rugulosa Greene; columbine, Aquilegia canadensis
L., wood strawberry, Fragaria vesca var. americana Porter,
tall smooth goldenrod, Solidago gigantia Ait.;
bedstraw, Galium boreale L.

and northern

A considerable amount of litter

composed of leaves, twigs and small rotting limbs covers
large areas, particularly where the upper story and shrubbery
is dense.

Where the litter is concentrated, occasional fungi

can be found growing in the moist soil.

4

The edge comprises a small area between the north facing
slope and the old field (Figs. 4 and 5).

Green ash and

juneberry form scattered clumps which grade into a wooded area
west of the study area.

A few hawthorn and pincherry, Prunus

pennsylvanicus L., also occur.

Interspersed throughout are

thin patches of buckbrush and tall nettle, Urtica procera
Muhl.

The ground cover is dominated by a thick mat of

Kentucky bluegrass.

Along the field edge it is intermixed

with smooth brome, Bromus inermis Leyss (Fig. 6).
forbs are found scattered throughout the thick mat;

A few
northern

32

fcestraw, wild bergamot, Monarda fistulosa L.; and vetch,
Lathyrus sp.

To the east of the study area the edge effect

is abruptly curtailed by a wooded ravine.

Nearly all of the

litter consists of the dried grass from previous growing
seasons.

The soil remains moist under this mat, except during

long periods of high temperature and no precipitation.

The

ground surface on the west half of this zone is exposed to
open shade under green ash.

However, the remainder of the

surface area except where heavily invaded by buckbrush and
tall nettle is exposed to direct sunlight.
The old field is comprised of a mixture of smooth brome
and Kentucky bluegrass (Fig. 7).

However, large patches of

leafy spurge, Euphorbia esula L., cover the central portions.
Other species scattered randomly over the area include prai
rie rose, Rosa arkansana Porter; sage, Artemesia sp.; common
evening primrose, Oenothera strigosa (Rydb.) Mack and Bush;
white clover, Melilotus alba Desr.; yellow clover, M. officin
alis (L.) Lam.; goatsbeard, Traqopoqon dubius Scop.; catsfoot,
Antennaria neqlecta Greene; northern bedstraw; golden aster,
Chrysopsis villosa (Pursh.) Nutt.;

tall goldenrod, Solidago

altissima L. and early goldenrod, S..

missouriensis Nutt.

A grassy mat is absent and the amount of litter is less dense
than that present in the edge.

There is very little shade

in this area except that provided by clumps of grasses and
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forbs.

As a consequence, the soil surface is dry except for

short periods after rainfall or during the early morning
hours after a heavy dew.

METHODS
Four adjoining rectangular grids, 200 feet long and 140
feet wide were laid out, with coordinates at 20 foot intervals
(Fig. 2).

These were perpendicular to the edge of the old

field so that they transected an area from the wooded slope
across

the edge and into the old field.

Grids I and II were

juxtaposed in such a way that Grid II continued 100 feet into
the wooded zone beyond the end of Grid I.

Grids III and IV

adjoined to the ends of I and II respectively such that Grid
III extended 100 feet further into the old field than Grid
IV.

In this way Grid I was bisected by the edge of the old

field;

Grids II and IV abutted at this edge, and Grid III

was located in the middle of the old field.
The entire study area was surveyed for different species
of plants.

These were identified according to Stevens (1963),

Gleason (1952) and Facey (1960).

Where there was a slight

difference in scientific nomenclature, Stevens was followed.
A cover map of the study area was then prepared so that part
icular vegetation zones could be identified.
One hundred thirty-two small mammal live traps and eight
traps constructed from tin cans, wire mesh and snap traps were
used so that two grids could be trapped concurrently.
grids I and II and III and IV were paired.

Thus,

Live traps were

placed at each coordinate in or as near as possible to runways.
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All traps were baited with a mixture of rolled oats and peanut
butter.

After three consecutive nights of trapping, the traps

were removed and rotated to the second area.

Traps were

checked twice a day, in the morning and evening.
Each new animal caught was weighed, sexed, aged and checked
for reproductive status.

An animal was considered reproduc-

tively active if the testes were scrotal or if the vaginal
pore was open.

For statistical analysis animals were grouped

as adults and juveniles based on pelage, weight, and repro
ductive status.

Miscellaneous characteristics, such as

fighting scars and externa’ parasites were also recorded.
L.iVe trapped animals were marked by toe clipping.

No

more than two toes were clipped on each foot, using the 1-24-7 method of numbering.

The left front foot was assigned

units of one and the right foot was assigned units of 10.
All captures were plotted and the average distance traveled
between captures for each animal was measured.

These distances

were then used to determine the animal's activity according
to the method used by Brant (1962).
Rather than attempt to determine each animal's home range
by some defined boundary method, the statistical approach
devisod by Harrison (1958) was used.

Harrison found a geo

metric center of activity for each animal according to the
method described by Hayne (1949).

From this a standard

diameter which defined a zone circumscribing 68.26 per cent of
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an animal's probable range was derived.

The standard diameter

( S P 2 )7 8
D is
N
the diameter found by doubling the distance from the geometric

was found by the formula:

standard diameter =

center of activity to each point of capture, and N is the
number of captures.

White (1964) found that more accurate

statistical results could be obtained by substituting (N-l)
for N;

therefore, this substitution was made in Harrison's

formula.
The population of each species was estimated by the
Schumacher-Eschmeyer procedure (Mosby, 1963).

This method

proved to be more satisfactory than other methods in that
standard error could more easily be determined.

No attempt

was made to estimate population parameters pertaining to re
cruitment, mortality or survival.

RESULTS AND DISCUSSION
Trap Results
A total of 3338 trap nights was employed to capture 60
M. pennsylvanicus and 21 C. gapperi during the period from
June 17 to August 7, 1966.

These results were summarized

in Tables 2 and 3 which show the trapping dates, the number
of animals trapped per period and the period in which they
were last recaptured.

Daily trap success from 140 traps

varied from 1 to 23 animals.

Of 60 meadow voles captured,

four were found dead, 56 were marked and released, and 18
were never recaptured.

Subsequently, 17 marked individuals

were found dead in traps during the trapping period.

One

female was captured 10 times within a two week period, at the
end of which it was found dead.

Thirty-eight animals were

recaptured a total of 82 times.
Of 21 red-backed voles marked and released, one was found
dead in a trap and one died as a result of handling.
animals were never recaptured.

Eleven

A total of 55 recaptures were

obtained on the remaining 10 animals of which two males were
retrapped 11 and 15 times respectively.
During the course of the study other species were trapped
one short-tailed shrew, B.'Larina brevicauda, one prairie deer
mouse, Peromyscus maniculatus bairdii, one meadow jumping
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Table 2.

Trapping
dates
Jun 28-30

1rfijbping
Periods

Distribution of M. pennsylvanicus according to
the interval since they were last captured.

Interval between
Period in which animal was last captured
trapping (in days) 0
1
2
3
4
5
6
7

0

1

1

-

-

1

-

-

-

—

6

—

3

—

—

—

—

—

—

10

1

9

5

—

—

—

—

—

3

8

3

—

1

—

—

—

—

2

14

—

2

—

—

—

1

2

4

—

1

2

—

—

—

3

7

20

234

3

122

5

ll2

7

72

5

5
Jul

6-8
4
13-15

2
0

16-18

3
0

19-21

4
4

26-28

5

—
4

Aug

2-4

6

—

—

—

—

—

—

1

71

0
5-7

7
Total marked*

Total unmarked* 113
Total catch
Total released

62

10
8*

12

13

18

12

31

30

10

17

9

10

17

12

29

26

8

15

♦The superscript indicates the number of animals found dead in traps.

Table 3.

Trapping
dates

Initial
trapping
periods

Jun 17-19

0

Distribution of C. gapperi according to the
interval since they were last captured.

Interval between
trapping (in days)

Period in wh ich animal was last captured
0
1
2
4
5
3
1

3

4

4

2

3

—

5

—

—

—

—

10

10

12

4

—

—

3

—

4

—

—

—

1

—

—

—

—

—

—

8

Total marked*

-

4

8

14

14

141

Total unmarked*

1

41

6

3

1

5

Total catch

1

8

14

17

15

19

Total released

1

7

14

17

15

18

1
21-25

1
17

Jul 13-15

2

—
3

19-21

3
4

26-28

4
7

Aug

5-7

5

*The superscript indicates the number of animals found dead in traps

o
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mouse, Zapus hudsonius, one eastern chipmunk, Tamias striatus
and six thirteen-lined ground squirrels, Citellus tridecemlineatus.

Habitat Preference
Meadow voles restricted their activities exclusively to
the grassy habitats, and particularly favored the heavy grassy
mat found in the edge.

About the same number of animals were

marked in each habitat, but far fewer recaptures were recorded
for animals from the old field.

This may indicate that 1) fewer

animals actually made the old field a permanent residence, or
2) some voles may have been transients to more ideal habitats
on the fringes.

However, two pregnant females were captured

only in the old field indicating that the habitat was probably
permanently occupied, assuming that such animals would not
normally be transients.

Several burrow3 found in the old field

may also indicate permanent residence;

however, it was not

known whether these burrows were occupied.
Some meadow voles moved back and forth between these two
habitats.

Therefore, it seemed unlikely that animals were

emigrating from one habitat to another, but may have been util
izing parts of both.

Striking differences in the utilization

of each habitat became evident when the average population
density for each area was compared.

The edge comprised an
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area of 0.61 acres;

whereas, the gridded area of the old field

covered 2.07 acres.

The estimated density of the edge was

49.18 animals per acre compared to 7.69 animals per acre in
the old field.
Brown (1956) determined that environmental differences
between habitats, changes in vegetation patterns and topography
measurably affected the behavior of mice, and thus, the size
of their home ranges.

Meadow voles have been observed to

select areas according to the amount of cover and the moisture
content of the vegetation (Eadie, 1953).

Getz (1960) compared

an old field habitat with a marsh and found a larger population
in the marsh, as would be expected in the case of Microtus.
In his study, the population in the old field appeared to be
more affected by temperature extremes and reduced cover, which
resulted in apparently lower survival rates.

Wirtz and

Pearson (1960) in an experimental situation found that meadow
voles actively selected a heavy broom sedge habitat in pre
ference to a more open habitat of golden rod.
In this study,meadow voles in the old field occupied a
sub-optimal habitat compared to those in the edge.

A conse

quence of this seemed to be that animals of the old field
have larger home ranges and may spend more time underground.
Terman (1963) suggested that social factors may be causally
related to spatial distributions within a population.

However,

these factors were not always agonistic, but some individuals
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were less social than others.

As population densities increased,

so did intraspecific competition;

therefore, it was possible

that some voles occupied the old field either by choice or
by exclusion as a result of social pressure.

Thus, the greater

ranges of these animals were necessary to provide sufficient
food.

The difficulty of arriving at conclusions concerning

the movements of animals in different habitats is compounded
by the availability of homes within an area and many other
varying biological factors influencing the animal (Brown, 1956).
The red-backed voles were captured in heavily shaded areas
where the ground cover was sparse, with the exception of one
juvenile which was captured only once some distance from the
woods in the old field.

Therefore, even though both species

lived in close proximity to each other and both have similar
food habits, there appeared to be little or no ecological
overlap.

These findings are in accord with those of Clough

(1964) and Buckner (1957) .

Buckner concluded that the two

species occupied their respective habitats on the basis of
cover and moisture.

He found that Microtus dominated open,

moist areas while Clethrionomys remained in shaded, drier
areas.

In transitional zones the amount of moisture apparently

determined the dominant species.

Movements
The average distance traveled between captures for sex
and age groups of each species is shown in Table 4.

Microtus

Table 4.

Species

Microtus pennsylvanicus
Clethrionomys qapperi

Average distances in feet between recaptures
of M. pennsylvanicus and C. qapperi*
No • <
of voles
M F Ad Ju T
14 24 20 18 38
5

5

3

7 10

*A minimum of two captures per animal

Number of
Recaptures
M

F Ad Ju

T

M

Average Distance
Between Captures
F
Ad
Ju

T

20 62 47 35 82

71.76 68.72 80.07 52.36 69.46

36 19 25 30 55

55.29 24.08 40.25 48.06 44.51
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traveled a greater distance between captures than did Clethrionomys.

Buckner (1957) reported a larger cruising radius

for Clethrionomys which varied according to the habitat
utilization and was shorter in areas where the population was
high.

One probable explanation was that the wooded area

trapped was not large enough to include the more extensive
ranges of individual Clethrionomys. As a result, only the
shorter movements within the plot would be recorded, while
those excursions off the plot would not be included in the
distances between recaptures.

One animal, which had been

captured on the area, was recaptured at intervals of 15 and
60 feet from the periphery of the grid.

This illustrated

that ranges of some marked animals may extend beyond the
boundaries of the study area (Fig. 8).
There were greater distances between recaptures of males
of both species than of females;

however, in the case of

Microtus the difference was slight.

If the number of male

recaptures had been larger, it would seem probable that dif
ferences in activity may have been magnified.

This was in

accord with Pearson (1960) who found that males were generally
more active than females.

The latter were occupied much of

the time with nest construction and rearing litters;

conse

quently, they confined their travels to an area in the immed
iate vicinity of the nest.

7-lU

WOODS

3

Figure

8.

A s e q u e n c e o f r e c a p t u r e s of a j u v e n i l e male,
£. g a p p e r i , o v e r the p e r i o d f r o m J u l y 13 A u g u s t 6, 1966.
T h e c r o s s i n d i c a t e s the
g e o m e t r i c c e n t e r of a c t i v i t y .
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The maximum distance recorded between successive recaptures
of Microtus was 342.00 feet, and for Clethrionomys, 121.66 feet
As stated above, the area in which Clethrionomys was trapped
was somewhat limited;

therefore, it is probable that had

more of the wooded area been trapped, greater distances may
have been recorded.

Clethrionomys, however, seemed to be more

consistent in total distance averaged per day than Microtus,
which had a tendency to make an occasional longer foray.
Recaptures demonstrated that one meadow vole traveled
170.88 feet from the evening of July 26 to the next morning.
By the following evening, it had traveled an additional 161.25
feet or a total distance of at least 332.13 feet in a 24 hour
period.

During this same period a red-backed voLe traveled

200.00 feet.

This activity seemed to be connected with changes

in weather conditions, for during this period 1.15 inches of
rain fell in a heavy shower.

Temperatures at the time were

moderate and skies remained cloudy;

relative humidity was

high, and the wind condition was calm.

In general, trap

success was greatest during rainy periods or when there was a
heavy early morning dew.

However, there was no positive

correlation (P = .05) between trap success as an indicator of
increased activity and average distances traveled on successive
days during rainy periods.

In fact, average distances traveled

were generally less during these periods.

(Table 1 indicates
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the periods of rainfall and high temperature on which the
above correlation was based.)

The greater trap success,

however, may indicate an increase in general population

move

ment, or animals may have used the traps as shelter during
rainy periods.

Pearson (1960) found some increase in act

ivity associated with periods of precipitation; however, this
was not statistically significant (P *> .05) .

He speculated

that vole activity patterns were governed by the need for
water which was obtained primarily from dew during the early
morning and evening.

Therefore, animals would be generally

more active following a rain or heavy dew.
During warm dry periods, there was a definite reduction
in the number of captures during daylight hours, indicating
that activity was probably restricted.

Animals apparently

remained underground in burrows until surface conditions became
more favorable, cooler and more humid.

Getz (1961) reported

that voles inhabiting an old field with sparse vegetation tend
to become more nocturnal during periods of high daily temp
eratures;

however, home range size was not appreciably

affected by this change in activity.

Range of Activity
The range of activity concept proposed by Harrison (1958)
and White (1964) facilitates the quantitative comparison of
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different species, different populations and activity in
different habitats.

This also has the added advantage of

incorporating all captures of any animal without incurring
the difficulty of delineating home range.

Table 5 shows

the close agreement between the observed and expected captures
as distance from the center of activity increased.
Each probability zone was defined according to the normal
distribution of points about a mean;

therefore, the normal

deviation can be translated as a percentage of the area in
which a certain number of captures could be expected.

Further

more, the agreement between observed and expected captures
indicated that the trap spacing was adequate to give a good
estimate of standard diameters for each species.

Each

standard diameter, two S.D. about the geometric center of
activity, served as an index of the range of activity.

Therefore,

20 foot trap intervals appeared to be the proper spacing for
studying movements of the species of voles under investigation.
Table 6 shows the different standard diameters found
according to species, age group and habitat comparing the
meadow vole with the red-backed vole.

Insufficient data was

obtained to compare standard diameters of each sex,

The red-

backed vole had a significantly larger standard diameter than
the meadow vole (P = .05).

This was in accord with Blair (1940,

1941), and Buckner (1957) who estimated the home ranges of one
or both species and found that Clethrionomys has a larger
home range.
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Table 5. The average number of observed captures in
probability zone (based on a normal distribution) as
increase from the center of activity compared to the
expected.
Captures
M. oennsvlvanicus-1- C.
Per cent
Normal
Ocs.
of area
Deviation

each
distances
number

qapperi^

0.126

10

8

5.2

0

4.9

0.253

20

8

10.4

0

9.8

0.385

30

18

15.5

13

14.7

0.524

40

18

20.8

13

19.6

0.674

50

18

26.0

21

24.5

0.842

60

29

31.2

21

29.5

1.036

70

44

36.4

32

34.3

1.282

80

44

41.6

38

39.2

1.645

90

46

47.8

41

44.1

1.960

95

49

49.4

46

48.2

2.576

99

51

51.5

46

48.5

inf.

100

52
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iNine animals with a minimum of four captures each.
2Five animals with a minimum of five captures each.

Table 6.

Species and age
group
M. pennsylvanicus
Adult
Juvenile
C. qapperi
Adult
Juvenile

Species and habitat

Range of activity with respect to differences between species,
age groups and habitats in M. pennsylvanicus and C_. qapperi.

No. of
voles

No. of trappings
total
minimum

Average standard diameter
in feet

18
9
9

3
3
3

97
53
44

51.80
61.06
41.97

5
2
3

5
5
5

49
21
28

78.49
88.15
71.98

No. of
voles

No. of trappings
total
minimum

Average standard diameter
in feet

M. pennsylvanicus
edge

12

3

59

43.55

M. pennsylvanicus
old field

13

2

29

100.36

5

5

49

78.49

C. qapperi
woodland
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In both species adults have larger standard diameters
than juveniles, but the difference is only significant for
Microtus (P = .05).

In the case of Clethrionomys the sample

size was too small to draw any conclusion.

There was no

indication to support the belief that juveniles ranged
further than adults.

This view was supported by the findings

of Brant (1952) who concluded that adults probably have a
greater tendency to disperse than juveniles, and young animals
tend to remain close to their natal home (Godfrey, 1953;
Brown, 1962).
Significant differences occurred in the standard diameters
of animals trapped in each of the three different habitats.
(P = .05).

The average standard diameter of meadow voles

trapped on the edge was smaller than for voles living entirely
in the old field habitat, suggesting that resources were
inadequate to ideally support a Microtus population.

According

to the literature, the edge would be a more ideal habitat than
the old field (Criddle, 1956; Getz, 1960, 1961).

Stumpf and

Mohr (1962) suggested that home ranges tend to be smaller and
more compact where ideal habitat conditions existed.

The

data obtained in this study suggested that this may be the
case in meadow voles.

Scarcity of food directly affected the

amount of movement necessary for feeding (Brown, 1962).

There

fore, specific differences in home range size may be attributed
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to the availability of food resources in the various habitat
types.

Populations
At the conclusion of the study it was estimated that the
population of the area was 53 meadow voles (S.E.= 3.004) and
18 red-backed voles (S.E.= 1.348).

The average population

density in their respective habitats was 19.7 meadow voles
and 90 red-backed voles per acre.

The latter was probably

overestimated since the area trapped in the wooded zone was
somewhat limited and very likely comprised only parts of the
ranges of several animals.

This would indicate that population

levels were unusually high for Clethrionomvs
Microtus.

but moderate for

Getz (1960) reported estimates ranging from 7.3 to 25.5

meadow voles per acre;

an estimated density of 1.7 to 4.2 red-

backed voles per acre was obtained by Manville (1949).
Twenty-one males and 35 female Microtus were caught resul
ting in a sex ratio of 37.5 per cent males.

The reverse was

true for Clethrionomvs with a total of 13 males and 8 females
resulting in a ratio of 61.4 per cent males.

No significant

difference (P = .05' existed between the sex ratios of
either species;

however, when P*=.10 the difference was sig

nificant for Microtus, indicating either a small sample size
or that there may have been a greater mortality among males.
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Five pregnant Microtus and one lactating animal were captured;
only one pregnant Clethrionomys was trapped.
The age ratio of adults to juveniles in both species
approximated lsl.

Juveniles comprised 51.79 per cent and

47.61 per cent of the Microtus and Clethrionomys populations
respectively.

There was a sharp increase in the number of

young animals captured during the middle of July.

This prob

ably was the result of the weaning of the second litter of
the year, assuming that breeding began in April and that the
interim between litters was approximately 42 to 43 days.

CONCLUSIONS
In spite of relatively high population densities, meadow
and red-backed voles restricted activities to their preferred
grassy and wooded habitats.

The lack of ecologic overlap of

these two populations, regardless of intraspecific population
pressure, led to the conclusion that interspecific competition
was an important factor restricting these species to their
respective habitats.
Trap success generally increased immediately following a
rain or heavy dew;

however, there was no positive correlation

between this and average distance traveled by either species
on successive days during rainy periods.

Increased captures

of Microtus may have been the result of traps being used as
shelters.

In the sub-optimal grassland habitats, prolonged

dry periods had a pronounced effect on meadow vole activity
which caused them to become more nocturnal.

In periods of

moderate temperatures and favorable conditions, activity was
unrestricted.
Clethrionomvs had larger home ranges than Microtus, but
the latter averaged greater distances between recaptures.
Microtus had more erratic movements than Ciethrionomys, and
interrupted their usual activity patterns with an occasional
long foray.

Ciethrionomys traveled approximately the same

distance between recaptures.

Individual meadow voles did not
55
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appear to shift their centers of activity from the old field
to the edge, or, vice versa.
Home ranges of meadow voles in the old field were larger,
probably as a result of animals traveling greater distances
in search of food.

Population density levels were also much

lower here, indicating that fewer animals utilized this
habitat
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